Obesity is one of the rising public health problems characterized as a risk factor for many chronic diseases in adulthood. Early life events such as intrauterine growth restriction, as well as life style, are associated with an increased prevalence of this disease. The present study was performed to determine if intrauterine growth restriction interacts with overweight at primary school age to affect body mass index (BMI) in young adults. From June 1, 1978 to May 31, 1979, 6827 singleton liveborns from Ribeirão Preto, São Paulo State, Brazil, corresponding to 98% of all births at the 8 maternity hospitals, were examined and their mothers were interviewed. Samples from the initial cohort were examined again at primary school age (8 to 11 years of age) and at the time of military service (18 years of age). There were 519 male individuals with complete measurements taken in the three surveys. Intrauterine growth-restricted individuals had a BMI 0.68 kg/ m 2 lower than that of individuals who were not restricted (95%CI = -1.34 to -0.03) and overweight at primary school age showed a positive and strong effect on BMI at 18 years of age (coefficient 5.03, 95%CI = 4.27 to 5.79). However, the increase in BMI was much higher -6.90 kg/m 2 -when the conscript had been born with intrauterine growth restriction and presented overweight at primary school age (95%CI = 4.55 to 9.26). These findings indicate that the effect of intrauterine growth restriction on BMI at 18 years of age is modified by later weight gain during school age.
Introduction
Obesity is a serious public health problem and its prevalence is on the increase worldwide (1) . During the past two decades, the prevalence of overweight has more than doubled among children and adolescents in the United States (2, 3) . Obesity has been considered to be a "time bomb" ready to lead us to an explosion of non-communicable chronic diseases (4) , since obesity is related to a number of these diseases. Brazil and Latin America in general are not exceptions to this obesity epidemic (5, 6) . Although in these countries undernutrition and related diseases represent a severe public health problem, obesity and excessive central body fat are highly prevalent, affecting both high and low socioeconomic strata (7) .
Although the theory that adult risk factors for non-communicable chronic diseases are related to behavioral factors associated with adult lifestyle is more generally accepted (8) , other explanatory models for the etiology of chronic adulthood disease are proposed. The occurrence of intrauterine growth restriction (IUGR) has been considered to be critical for the development of diseases and obesity in adulthood (9) . However, in the context of obesity, this critical period could be extended to the first months of life, or even to 5-7 years of age and adolescence (10) . Therefore, two etiological models could be considered to explain the excess weight gain. First, the "life course approach", which implies that cumulative exposures or aggressions such as disease and/or an unfavorable environment and behavior during the course of life increase the risk of chronic diseases and mortality (8, 11, 12) . Second, the "fetal origin hypothesis", stated by Barker (9) and amplified by Lucas (13, 14) , who introduced the concept of "programming": an early stimulus or insult at a critical period could lead to impaired function of a structure or to the "setting" of a physiologic system. This means that environmental factors act in early life to program the risks for adverse health outcomes in adult life (9) .
The effect of intrauterine and childhood growth on later body composition has been mainly studied in developed countries, whereas studies in developing countries, where the prevalence of IUGR is very much higher than in developed ones, are scarce. Therefore, several questions still remain to be answered. Can IUGR and overweight in childhood interfere with body mass index (BMI) in young adulthood? Is there any link between weight in childhood and in adulthood? Does IUGR interact with overweight in childhood to determine BMI in adults? Are birth conditions related to BMI? We conducted the present study in order to address these questions.
Subjects and Methods
From June 1, 1978 to May 31, 1979 , 9067 liveborns from Ribeirão Preto, São Paulo State, Brazil, corresponding to 98% of all births at the 8 maternity hospitals, were examined and their mothers were interviewed. Details of the initial study have been published elsewhere (15, 16) . Soon after delivery and after giving written informed consent, mothers answered a standardized questionnaire which included the following variables: birth weight, duration of gestation, birth order, maternal age, schooling, marital status at the time of delivery, and maternal smoking during pregnancy. Newborns were weighed naked on weekly calibrated scales with 10-g precision according to standardized techniques (17, 18) . The study population comprised 9067 live births, 6973 of them being from mothers who were resident in the municipality. Of these, 6827 were singletons and 3511 were males.
A sample of 50% of the participants of the initial cohort was sought from September 1987 to November 1989 in the primary schools of the city among children enrolled in 1st to 4th grade (19) . A sample of 1512 boys was obtained, corresponding to 43.1% of the total. As military enlistment at 18 years of age is compulsory in Brazil and military sources report that about 70% of the eligible population for enlistment effectively report to the draft board, a study was conducted in 1996 and 1997 involving only males belonging to the initial cohort at the time of military service (20) . A sample of 2048 individuals (61% of the total after the exclusion of 142 known deaths in the first IUGR, overweight in childhood and adult body mass index www.bjournal.com.br year of life) was interviewed at the time of military service.
Anthropometric measurements (weight and height) were made at primary school age by trained personnel according to standardized techniques (18) . Age at the time of measurement was also recorded. At 18 years of age the measurements were collected from army records. The measurements were made by military personnel according to the guidelines of the Brazilian Army Ministry (21) . All subjects had their height recorded, but weight was recorded only for boys born in 1979 because the study began after the physical examination of boys born in 1978; for those, only height but not weight was registered in the army records. At both times (school and army enlistment), the boys were weighed while wearing light clothing on calibrated scales with 100-g precision, and measured with a wood stadiometer, standing up straight and barefoot, with an approximation to the nearest centimeter. Consent was obtained from school directors and from the conscripts.
Of the 3511 singleton males of the initial cohort, after excluding 142 deaths in the first year of life, 267 individuals born preterm, and those who did not have information on birth weight or weight and/or height at primary school age or at the time of military enlistment because of absenteeism, 519 individuals had complete measurements made in the three surveys.
The variables obtained at birth for this study were: birth weight (<2500; 2500|3000; ≥3000 g); maternal age (<20, 20|30, ≥30 years); maternal schooling in years (<4, 4|8, 8|11, 11|15, ≥15); maternal marital status (cohabiting and not cohabiting); maternal smoking during pregnancy (yes or no, regardless of the number of cigarettes); birth order (first, second, third, and more). The concept of IUGR was based on the birth weight ratio (BWR), which is the ratio between the newborn's weight and the mean weight for gestational age of the genderspecific reference curve (22) . A BWR ≥0.85 was taken to be no growth restriction and a BWR <0.85 was taken to be IUGR (23) . Gestational age was calculated on the basis of the date of the last normal menstrual period reported by the mother.
The educational level of the conscripts was divided into three groups (24): 0|5 years, 5|9 years and ≥9 years of schooling. BMI was calculated using the formula weight (kg)/height (m 2 ) (W/H 2 ). Overweight at primary school age was calculated as proposed by Cole et al. (25) , who consider a cut-off point of 25 kg/m 2 for overweight and of 30 kg/m 2 for obesity at 18 years of age. The corresponding values for ages younger than 18 years were the following, all of them being specific for males: at 8 years, 18.4 kg/ m 2 for overweight and 21.6 kg/m 2 for obesity; at 9 years, 19.1 and 22.8 kg/m 2 ; at 10 years, 19.8 and 24.0 kg/m 2 , and at 11 years, 20.6 and 25.1 kg/m 2 . Overweight and obese boys were considered to have weight excess and will be named "overweight" for the purpose of the present study.
Statistical analysis
Multiple linear regressions were carried out to test the association of variables at birth, overweight at primary school age and conscripts' schooling with conscripts' BMI. Four models were applied (26) , each adjusted for the variables at birth and conscripts' schooling level: early model, including only IUGR; late model, which included only overweight at primary school age; combined model, including both IUGR and overweight at primary school age; interaction model, which added to the combined model the interaction between IUGR and overweight at primary school age on conscripts' BMI.
Results
A total of 15.1% of the conscripts were
www.bjournal.com.br overweight at primary school age (Table 1) . Baseline characteristics were compared between the whole cohort and the subjects participating in the present study (Table 2) . Participants were less likely to have been born to adolescent mothers or to mothers with a higher schooling level (≥15 years). There was no difference between low birth weight (<2500 g) and IUGR between the two groups (P = 0.385 and P = 0.150, respectively). Participants tended to be the first child born in the family (P = 0.079). Mothers of traced individuals were less likely to have smoked during pregnancy (P = 0.044) or to have no companion at the time of the participant's birth (P < 0.001).
The early multiple linear regression model showed that IUGR had a small negative effect on BMI at 18 years: intrauterine growth-restricted children had a BMI 0.68 kg/m 2 lower than those who were not restricted (P = 0.041); maternal smoking during pregnancy had a strong positive effect on BMI. Conscripts of smoking mothers were almost 1 kg/m 2 heavier than those whose mothers did not smoke (P < 0.001). Maternal schooling level had only a marginal positive effect (P = 0.084). Only boys born to mothers with low schooling (<4 years) had a higher BMI than their counterparts (coefficient 1.15, 95%CI = 0.11 to 2.20). In the late model, overweight at primary school age showed a positive and strong effect on BMI at 18 years of age (coefficient 5.03, 95%CI = 4.27 to 5.79). The combined model assessed the independent effect of having IUGR or being overweight at primary school age, and only the strong positive effect of being overweight remained significant (coefficient 5.02, 95%CI = 4.26 to 5.78). The interaction between these two explanatory variables showed a marginally positive effect (P = 0.063) on conscripts' BMI (coefficient 2.43, 95%CI = 0.13 to 4.99; Table 3 ).
If the conscript had been a non-restricted intrauterine growth child but had become overweight at primary school age, his BMI 
Discussion
This study identified a significant interaction between early factors (IUGR) and overweight at primary school age affecting BMI at 18 years of age. These findings indicate that the effect of intrauterine growth on BMI at 18 years of age is modified by later weight gain during school age. Therefore, a positive coefficient for weight during childhood suggests that weight gain in the first years of life and not weight at this age is important in programming BMI at 18 years of age.
Considering the programming concept, the present study reinforces the hypothesis that hormonal/metabolic programming induced by early experience could influence BMI in later life. After controlling for social and environmental variables, the findings point to a significant negative influence of IUGR on BMI in young adults, although the size of the effect is small.
The influence of birth weight on BMI has been already identified in other studies (27, 28) , and its effect may be modified by later gain in fat body mass. However, weight at 1 year of age was associated with adult fat mass, suggesting that postnatal environmental factors, such as infant feeding, could be more important than prenatal factors for the development of adult adiposity (28) . On the other hand, some studies have noted a significant association between IUGR and increase in fat mass in adulthood (29) . It seems that prolonged catch-up of weight in individuals born small for gestational age can lead to a significant increase in adiposity in adulthood due to metabolic changes such as Coefficients derived from the multiple linear regression models, expressing the difference in BMI at 18 years of age in kg/m 2 comparing the "yes" category for each variable with the baseline category "no". 1 Early model: adjusted for intrauterine growth restriction (IUGR) and maternal variables at birth (age, schooling, marital status, smoking habit), and conscript birth order and schooling. 2 Late model: adjusted for overweight at school age and for all other variables. 3 Combined model: adjusted for IUGR, overweight at school age and all other variables. 4 Interaction model: interaction term between IUGR and overweight at school age added to the combined model. *P < 0.05. insulin, leptin and adiponectin resistance (30) . Previous studies have identified the influence of discrete growth pattern modifications on BMI and body composition later in life, demonstrating that events which occur during the growth process can play a role in the etiology of diseases in adult life (31, 32) . Regarding BMI, late catch-up growth in childhood is associated with a significant increase in fatness and obesity risk later in life, supporting the notion that childhood represents an important period in the etiology of obesity (33) and showing the importance of environmental factors that influence the energy balance in childhood (34) .
In the present study, the effects of the growth pattern were evident when we evaluated the effect of IUGR associated with the presence of overweight at primary school age on the BMI at 18 years of age, adjusted for maternal variables, birth order and conscript schooling. Although the number of children born with IUGR and presenting overweight at school age was small (only 7 cases), the effect of such interaction on the BMI at 18 years of age was strongly positive and significant.
The results allow us to suggest that a sequence of linked events mediated by the environment was involved in programming the pattern of weight gain in young adults. Therefore, the growth patterns evoked by the two previous distinct etiologic models (Life Course Approach and Fetal Origin Hypothesis) appear to be arbitrary since both played a significant role influencing the pattern of BMI in this sample (35) . The school boys who had born with IUGR and became overweight during childhood were the ones presenting the greatest BMI scores at 18 years of age.
Some limitations of this study should be pointed out. The attrition rate was very high (83%) due to limitations in funding to follow individuals in developing countries. However, there was no difference between traced and non-traced individuals with respect to IUGR although traced individuals were better off than those not followed up, a fact that may have underestimated the effect observed here. The study was restricted to males living in an urban area and this may have led to an overestimation of mean BMI, which is higher in urban areas in Brazil (36) . The lack of information regarding parental weight and height did not allow us to investigate genetic influences on the BMI of young adults. The high infant mortality rate among low birth weight newborns may have contributed to an underestimation of mean BMI among individuals born with low birth weight or with IUGR. In addition, the lack of information on dietary intake and activity level did not allow us to examine the influence of these factors on BMI. Finally, poor health and social disadvantages could have been the reasons for not enlisting in the army, possibly decreasing the estimate of mean BMI among less privileged social strata at 18 years of age (20) .
Most of the limitations described here point to an underestimation of the identified effect, which reinforces our findings. In addition, to our knowledge, this is the first study performed in Brazil that evaluated in a prospective fashion, at three different times in life the influence of biologic and social variables on the BMI at primary school age and during young adulthood.
In conclusion, the fetal programming hypothesis and the life-course approach hypothesis by themselves cannot predict BMI at adulthood. We demonstrated that the effect of intrauterine growth on BMI in young adults is modified by later growth during childhood. This interaction demonstrates the necessity of measures targeted at IUGR children in order to prevent them from developing overweight during childhood with a consequent high BMI in adult life.
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